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NON-AQUEOUS WASHING APPARATUS AND 
METHOD 

[0001] This invention is a Divisional of application Ser. 
No. 10/699,159, ?led Oct. 31, 2003, entitled “Non-Aqueous 
Washing Machine and Methods”. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The invention relates to a non-aqueous laundering 
machine, methods of using the machine, methods of Wash 
ing, drying and reclamation. 

BACKGROUND OF THE INVENTION 

[0003] The present invention generally relates to apparati, 
methods, and chemistries employed in the home for laun 
dering clothing and fabrics. More particularly, it relates to a 
neW and improved method, apparatus, and chemistry for 
home laundering of a fabric load using a Wash liquor 
comprising a multi-phase mixture of a substantially inert 
Working ?uid (IWF) and at least one Washing adjuvant. 

[0004] As used herein, the terms “substantially non-reac 
tive” or “substantially inert” When used to describe a com 
ponent of a Wash liquor or Washing ?uid, means a non 
solvent, non-detersive ?uid that under ordinary or normal 
Washing conditions, eg at pressures of 0 Pa to 0.5><106 Pa 
and temperatures of from about 1° C. to about 100° C., does 
not appreciably react With the ?bers of the fabric load being 
cleaned, the stains and soils on the fabric load, or the 
Washing adjuvants combined With the component to form 
the Wash liquor. An IWF ideally does very little or nothing 
eXcept act as a carrier or vehicle to carry an adjuvant to the 
clothes so that the adjuvant can Work on the clothes. 

[0005] Home laundering of fabrics is usually performed in 
an automatic Washing machine and occasionally by hand. 
These methods employ Water as the major component of the 
Washing ?uid. Cleaning adjuvants such as detergents, 
enZymes, bleaches and fabric softeners are added and miXed 
With the Water at appropriate stages of the Wash cycle to 
provide cleaning, Whitening, softening, and the like. 

[0006] Although improvements in automatic Washing 
machines and in cleaning agent formulations are steadily 
being made, as a general rule, conventional home laundering 
methods consume considerable amounts of Water, energy, 
and time. Water-based methods are not suitable for some 
natural ?ber fabrics, such as silks, Woolens and linens, so 
that Whole classes of garments and fabrics cannot be home 
laundered, but instead, must be sent out for professional dry 
cleaning. During Water Washing, the clothes become satu 
rated With Water and some ?bers sWell and absorb Water. 
After Washing, the Water must be removed from the clothes. 
Typically, this is performed in a tWo-step process including 
a hard spin cycle in the Washer and a full drying cycle in an 
automatic dryer. The hard spin cycles tend to cause unde 
sirable Wrinkling. Even after spinning, drying cycle times 
are undesirably long. 

[0007] The solution to this problem Was the advent of the 
traditional dry cleaning business. Consumers had to travel to 
the dry cleaners, drop off clothes, pay for dry cleaning, and 
pick the clothes up. While the dry cleaning process is useful 
to the consumer, it plays terrible havoc With the environ 
ment. Traditional dry cleaning uses halogenated hydrocar 
bons, such as perchloroethylene (nefariously knoWn as 
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“perc”). Because the use of perc is calamitous, strict envi 
ronmental regulations eXist to control its use and disposition. 
The stricter controls sent many in the dry cleaning industry 
toWards petroleum-based solvents. These solvents are 
in?ammable and are smog-producers. Accordingly, the use 
of these solvents in the home is out of the question. 

[0008] A further non-aqueous solvent based Washing 
method employs liquid or supercritical carbon dioXide sol 
vent as a Washing liquid. As described in US. Pat. No. 
5,467,492, highly pressuriZed vessels are required to per 
form this Washing method. In accordance With these meth 
ods, pressures of about 3.45><106 Pa to 689x106 Pa are 
required. Pressures of up to about 0.206><106 Pa are 
approved for use in the home. The high pressure conditions 
employed in the carbon dioXide create safety haZards that 
make them unsuitable for residential use. 

[0009] Various per?uorocarbon materials have been 
employed alone or in combination With cleaning additives 
for Washing printed circuit boards and other electrical sub 
strates, as described for eXample in US. Pat. No. 5,503,681. 
Spray cleaning of rigid substrates is very different from 
laundering soft fabric loads. Moreover, cleaning of electrical 
substrates is performed in high technology manufacturing 
facilities employing a multi-stage apparatus Which is not 
readily adapted for home use. 

SUMMARY OF THE INVENTION 

[0010] The foregoing problems are solved and a technical 
advance is achieved by the present invention. Disclosed is a 
laundering machine, methods, and chemistries for home 
laundering of fabrics. The machine may include a Wash unit 
and a reclamation unit. Methods of Washing fabrics, Wash 
ing, recirculating, drying, reclaiming, and disposing are 
disclosed. In addition, Wash ?uid chemistries, combinations, 
etc. are disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 
tion. 

[0012] FIG. 2A demonstrates an embodiment of the 
invention. 

[0013] FIG. 2B demonstrates an embodiment of the 
invention. 

FIG. 1 demonstrates an embodiment of the inven 

[0014] FIG. 3 demonstrates an embodiment of the inven 
tion. 

[0015] FIG. 4 demonstrates an embodiment of the inven 
tion. 

[0016] FIG. 5 demonstrates an embodiment of the inven 
tion. 

[0017] FIG. 6A demonstrates an embodiment of the 
invention. 

[0018] FIG. 6B demonstrates an embodiment of the 
invention. 

[0019] FIG. 7 demonstrates an embodiment of the inven 
tion. 

[0020] FIG. 8 demonstrates an embodiment of the inven 
tion. 
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[0021] FIG. 9 demonstrates an embodiment of the inven 
tion. 

[0022] FIG. 10 demonstrates an embodiment of the inven 
tion. 

[0023] FIG. 11 demonstrates an embodiment of the inven 
tion. 

[0024] FIG. 12 demonstrates an embodiment of the inven 
tion. 

[0025] FIG. 13 demonstrates an embodiment of the inven 
tion. 

[0026] FIG. 14 demonstrates an embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] At the outset it should be noted that various Figures 
illustrate various components and subcomponents. Because 
of the relative complexity involved, many Figures omit 
nonessential features such as means for connecting compo 
nents to a frame, or shoWing various conduits, piping, or 
Wiring. Accordingly, While it may be appear that certain 
components are unconnected, it is understood that the com 
ponents are connected to something. In addition, various 
structural features, such as frames may be omitted to avoid 
confusion. In addition, although certain systems, sub 
systems, and loops are described as having pumps, it should 
be noted that in any part of the machine and along any part 
of a system, more than one pump may be used to assist in 
?uid ?oW, solid ?oW, recycling, recirculation, etc. Accord 
ingly, it is intended that betWeen any tWo parts described, 
there may be a pump to assist in ?oW. Furthermore, any part 
or conduit may have an anti-static agent associated there 
With. In addition, for any numeric parameter, it is understood 
that embodiments of the invention may include any range 
Within a stated range (for example, for a stated range of 
betWeen X and Y shall be interpreted to mean that any range 
betWeen X and Y is contemplated), or may include a base 
?gure that has no upper or loWer limit (for eXample, a 
parameter >X shall be interpreted to mean that the parameter 
has no upper limit and that the inventors may impose any 
upper limit as desired; and a parameter <X shall be inter 
preted to mean that the parameter is less than X and has no 
loWer limit and that the inventors may impose any loWer 
limit as desired). 

[0028] FIG. 1 shoWs an embodiment of the invention. 
ShoWn is the non-aqueous Washing machine 10, comprising 
a Wash unit 12 and a reclamation unit 14. The machine 10 
also includes a Wash unit outer housing 13 and a reclamation 
unit outer housing 15. It is understood that although FIG. 1 
shoWs the Wash unit 12 and reclamation unit 14 in a 
side-by-side position, the units may be stackable. In addi 
tion, although the units are shoWn as separate units, it is 
understood that the units may be generally Within the same 
outer housing. Additionally, multiple Wash drums may be 
used With a single reclamation and storage unit. The Wash 
unit 12 includes a Wash unit door 16, preferably With a 
handle 18. The door 16 may be opened to add and remove 
the items, such as a fabric load to be Washed. The door 16 
may include a door WindoW 19 so that the contents may be 
vieWed. Although shoWn on the Wash unit 12, a control panel 
20 may be used to control the operation of the machine. In 
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addition, the control panel 20 may be located on the recla 
mation unit 14. The control panel 20 may include a variety 
of buttons, dials, displays, gauges, lights, etc. The machine 
should be proportioned such that it can be transversed 
through the doorWays conventionally found in homes and 
preferably With a depth of no more than 60 cm. In the 
preferred embodiment, the machine Would have a footprint 
no larger than the footprint of full-siZe conventional aqueous 
automatic Washers. Additionally, the reclamation and stor 
age components of the system may be incorporated Within a 
base unit 12-24 inches in height. This base unit is placed 
under the machine to provide the consumer With an ergo 
nomically-viable height. 
[0029] Although FIG. 1 shoWs the Wash unit 12 and the 
reclamation unit 14 side-by-side, it is understood that the 
units may be at some distance from each other. For eXample, 
the Wash unit 12 may be inside, such as in a laundry room, 
and the reclamation unit 14 may be outside the dWelling. In 
this regard, servicing of the reclamation unit 14 becomes 
easier as the consumer need not be home in order to alloW 
access to the reclamation unit. Another advantage of having 
a reclamation unit 14 outside is that any leaks, in the unlikely 
event they occur, Will dissipate inside the dWelling. Accord 
ingly, Where the reclamation unit 14 is intended to be located 
outdoors, the unit 14 may include various Weather protection 
means, such as Weather resistant paint, rust proo?ng, locks 
to prohibit intermeddling, etc. The distance betWeen the 
units is a function of the length of conduits connecting the 
tWo. For any distance, intermediate pumps may be added to 
assist in ?uid ?oW betWeen the units. To further assist in 
assembly, servicing, or movement, the connections betWeen 
the units may include quick release hydraulic connectors, 
such as a Packer USA Series ST quick release connector. Of 
course traditional threaded nut designs may be used. It is 
also desirable to locate the connection betWeen the units 
near the top so that as conduits are removed, any residual 
?uids remain in the conduits and do not leak out. The ?uids 
Would return to the loWest points in the respective units. 

[0030] The machine 10 may also include a receiver such 
that a remote control unit 22, such as a handheld unit, may 
transmit one or more control signals to the machine 10 
receiver to control the machine. For eXample, the receiver 
may be part of the control panel 20. The machine 10 and/or 
control panel 20 may also include a transmitter that sends 
signals to the remote unit 22. The transmitter may send any 
type of information to the remote unit 22, such as status 
information, safety information, or emergency information. 
In this regard, there may be tWo-Way communication 
betWeen the machine 10 and the remote unit 22. One 
eXample of such use Would include the machine 10 trans 
mitting status information, such as time remaining, cycle 
step, unbalanced load information; or emergency informa 
tion such as blocked conduits, valve failure, clogged ?lters, 
breach of the closed system, ?uid leak, pressure drops, 
temperature increase, chemical leakage, etc. After receiving 
this information, the user may use the remote unit 22 to send 
control signals, such as shut-off signals or a command delay 
start of all or part of cycles, to the machine 10. The machine 
may also store any information in a memory storage unit so 
that the information can be retrieved later. This may be 
useful during servicing to assist diagnosing information. 
Such technology could be readily adapted from airline black 
boX technology. Moreover, the machine may be controlled 
or monitored via other Wireless or Internet technologies. For 
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example, the machine may be Internet connected so that a 
consumer can remotely control the machine. Similarly, the 
machine may contact a customer service center automati 
cally to provide information. In addition, cell phone tech 
nologies may also be used to “call” the machine and control 
the machine. Accordingly, in one embodiment, there is 
disclosed a means to remotely receive information, a means 
to remotely send signals to the machine 10, a means to send 
signals from the machine 10, and a means to receive signals 
at the machine 10. 

[0031] FIG. 2A shoWs an embodiment of the Wash unit 
12, Without the outer housing 13. ShoWn is a tub assembly 
24, Which includes a Wash chamber 26 that is adapted to 
receive the contents to be Washed, such as a fabric load (not 
shoWn). The tub assembly is connected to an outer structure 
via various suspension arms 25. The Wash chamber 26 also 
includes a ?exible boot 28 that circumferentially surrounds 
the opening 30 of the Wash chamber 26. The boot 28 is 
adapted to provide a seal around the Wash chamber 26 
opening and also provide a conduit to the door 16. The Wash 
chamber 26 also includes a rear section 32. Inside the Wash 
chamber 26 is a basket 34 that includes one or more 
perforations. The perforations may be uniformly dispersed 
about the basket 34, randomly dispersed, or dispersed in 
some other fashion. The perforations provide ?uid commu 
nication betWeen the interior of the Wash basket 34 to the 
Wash chamber 26. 

[0032] A. Wash Unit Recirculation System 

[0033] FIG. 2A also demonstrates a Wash unit recircula 
tion system. In various embodiments of the invention 
described herein, Wash liquor may be extracted from the 
Wash chamber 26 and recirculated back into the Wash 
chamber 26. One embodiment is noW described. The Wash 
chamber 26 includes a drain outlet (not shoWn) that is in 
?uid communication With a Wash chamber sump 36. The 
Wash chamber sump 36 may be designed to have a large 
volume capacity so that it may store the entire volume of 
Wash liquor introduced into the Wash chamber 26. For 
example, in the event of a system failure, the Wash liquor can 
drain into the chamber sump 36. The drain outlet (not 
shoWn) may also include a gate or cover that can be sealed. 
Accordingly, in the event of a system failure, the Wash liquor 
contents may be drained into the sump 36, the drain outlet 
closed, and the fabric contents can be removed. 

[0034] A heater (not shoWn) may be optionally associated 
With sump 36 so that the Wash liquor in the sump may be 
heated. In various embodiments, it may be desirable to 
recirculate heated Wash liquor back into the fabric so that the 
fabric maintains an elevated temperature, or because various 
Washing adjuvant(s) Work—or Work better—in a heated 
environment. The heater may also heat the Wash liquor to 
deactivate adjuvant(s) in the Wash liquor. Accordingly, the 
heater may be programmed to activate or deactivate based 
on the intended use. 

[0035] Wash chamber sump 36 is in ?uid communication 
With a ?lter 38, such as a coarse lint ?lter, that is adapted to 
?lter out large particles, such as buttons, paper clips, lint, 
food, etc. The ?lter 38 may be consumer accessible to 
provide for removal, cleaning, and/or replacement. 

[0036] Accordingly, it may be desirable to locate the ?lter 
38 near the front side of the Wash unit 12 and preferably near 
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the bottom so that any passive drainage occurs into the sump 
36 and the ?lter 38. In another embodiment, the ?lter 38 may 
also be back?ushed to the reclamation unit 14 so that any 
contents may be removed from the reclamation unit 14. In 
yet another embodiment, the ?lter can be back-?ushed 
Within the Wash unit to the sump and then pumped to the 
reclamation unit. In this regard, consumer interaction With 
the ?lter 38 can be intentionally limited. 

[0037] Filtered Wash liquor may then be passed to the 
reclamation unit 14 for further processing or may be passed 
to a recirculation pump 40. Although not shoWn, a multiWay 
valve may also be positioned betWeen the ?lter 38 and the 
pump 40 to direct the Wash liquor to the reclamation unit 14 
for the further processing. After processing, the Wash liquor 
may be returned to the recirculation loop at an entry point 
anyWhere along the loop. The recirculation pump may be 
controlled to provide continuous operation, pulsed opera 
tion, or controlled operation. Returning to the embodiment 
of FIG. 2A, recirculation pump 40 then pumps the Wash 
liquor to a multi-Way recirculation valve 42. Based on 
various programming, the recirculation valve 42 may be 
defaulted to keep the Wash liquor in the recirculation loop or 
defaulted to route the Wash liquor to another area, such as the 
reclamation unit 14. For example, recirculation valve 42 
may include a recirculation outlet 44 and a reclamation 
outlet 46. In the embodiment Where recirculation is desired, 
Wash liquor is shunted via the recirculation outlet 44 to a 
dispenser 48. 

[0038] FIG. 2B shoWs the dispenser 48. The dispenser 48 
may include one or more dispenser inlets 49a, 49b, 49c and 
49d on an inlet manifold 49. The dispenser 48 may also 
include one or more mixing means to mix the contents of the 
dispenser. For example, if additional adjuvants are added to 
the Wash liquor, they may be added from independent 
chambers in the dispenser and then mixed in the dispenser 
48. Accordingly, dispenser 48 may include mixers that 
actively mix the contents around or passive mixers such as 
baf?es or ?ns that mix the contents via obstructing the ?uid 
path (e.g., create turbulence, eddys, etc.). Some potential 
methods of mixing to create the Wash liquor are vortex 
mixing, in-line mixing via baf?es in a tube, axial ?oW 
impellers, radial-?oW impellers, close-clearance stirrers, un 
baf?ed tanks or tubes, tumbling in the drum or potentially in 
the pump. The Wash liquor can be a micro-emulsion, macro 
emulsion or a homogenous mixture dependant upon the 
adjuvant and the mixing means. 

[0039] As mentioned above concerning the sump 36, a 
heater may also be associated With the dispenser to modulate 
the temperature of the dispenser contents. After mixing or 
heating, if any is to be done, the dispenser contents exit the 
dispenser via a dispenser outlet 50. Dispenser outlet 50 may 
be gated to control the out?oW of the contents. In this regard, 
each chamber in the dispenser may be individually gated. 
The contents exit the dispenser via outlet 50 and enter a ?ll 
inlet 52, Which is in ?uid communication With the Wash 
chamber 26. As shoWn in FIG. 2A, the ?ll inlet 52 is 
generally located in the boot 28. The dispenser may be 
consumer accessible to re?ll the chambers if desired. 

[0040] Fill inlet may also include one or more dispensing 
heads (not shoWn), such as noZZles or sprayers. The head 
may be adapted to repel Wash liquor or a particular adjuvant 
so that clogging is avoided or minimiZed. 






































